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The spin flip of the conduction electrons at the interface
of a ferromagnetic and a nonmagnetic part of a metallic wire,
suspended between two electrodes, is shown to tort the wire
when a current is driven through it. In order to enhance the
effect it is suggested to use an alternating current in resonance
with the torsional oscillations. Thereby the magnetic polar-
ization of the conduction electrons in the ferromagnet can be
measured directly, and compared to the total magnetization.
This may yield new information on the transport properties
of the narrow band electrons in itinerant ferromagnets.
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FIG. 1. A ferromagnetic (F) and a nonmagnetic (NM)
metallic wire are suspended between two electrodes
Torsion angle measurements have achieved a high sen-
sitivity and resulted in the early measurement of the gy-
romagnetic ratio of electrons [1,2], the experimental proof
of the quantization of the angular momentum of circu-
larly polarized photons [3], and the experimental proof
of the flux quantization through a superconducting loop
[4].
Here we propose to measure the torsion angle result-
ing from the spin flip of conduction electrons at the in-
terface of a ferromagnetic and a paramagnetic metallic
wire. This may shed new light on the transport proper-
ties of the d- electrons in ferromagnetic transition metals
like Fe, Co or Ni [5].
I. SPIN FLIP INDUCED TORSION
Let us consider a wire whose one end is made of a fer-
romagnet, the rest being a nonmagnetic metal, see Fig.
1, which is fixed rigidly to the electrodes. Ideally, the
ferromagnet is uniformally spin polarized in a direction
parallell to the wire. If a current is driven through it,
the spin polarized electrons in the ferromagnet loose on
average each an angular momentum (h¯/2)Π at the inter-
face between the two parts of the wire. Here, Π is the
ratio of conduction electrons which flip their spin when
they enter or leave the ferromagnet. We assume that the
spin flip of the conduction electrons occurs in a region
of length l small compared to the length L of the wire.
Thus, a current I gives rise to a rate of spin flip ΠI/q,
and may thus produce a maximal torque along the wire
of magnitude
Dz =
1
2
h¯ Π
I
q
, (1)
where q is the charge of an electron.
II. TORSION BALANCE
The torque caused by the finite spin flip rate, Eq. ( 1
), is in balance with the torque due to the elastic torsion
of the wire, as well as a torque due to the finite inertia
of the wire, and a friction torque when the torsion angle
changes in time.
A torsion of the ferromagnetic wire by an angle α
causes a torque of magnitude [2,6]
Delastic =
pi
2
Gf
r4
Lf
α, (2)
where Gf is the shear modulus, Lf the length of the
ferromagnetic wire and r its radius. We assume that the
torque on the nonmagnetic wire when it is torted by the
angle α, is smaller than the torque in the ferromagnetic
wireDelastic, so that the torsion angle α is determined by
Delastic, only. Note that we consider here the situation
when the wires are under no tension. If there is a force
F on the wires, producing the tension F/(pir2), it has to
be substituted for the shear modulus Gf .
When the angle α changes in time, there is an addi-
tional torque due to the inertia J of the wire,
Dinertia = J α¨, (3)
The inertia of the two wires, each fixed at one end, is
J = J0 + piρf r
4Lf/4 + piρnr
4Ln/4, (4)
where the subscript n denotes the values for the nonmag-
netic wire, and ρf , ρn is the mass density of the respec-
tive wire. Note that the inertia may be changed inde-
pendently of the wire geometry by attaching a weight.
1
Therefore we have included another finite contribution
J0 to the inertia.
There is also a small friction torque, which can be
taken of Stokes form:
Dfriction = R α˙, (5)
where R is the friction constant.
Thus, in total there is a balance of torques,
Dz = Delastic +Dinertia +Dfriction, (6)
yielding a second order differential equation for the tor-
sion angle α.
If the current I is constant in time, the torsion will
reach equilibrium at a finite angle
α =
1
pi
Lf
Gfr4
I
q
h¯ Π. (7)
In order to enhance the torsion angle one can send an
alternating current through the wire and bring it in res-
onance with the eigen frequency of torsion oscillations of
the wire system. For a sinusoidal current, I = I0 sin(ωt),
there is resonance at the frequency,
ω =
√
Gf
ρf
g
1
Lf
. (8)
In resonance the maximal torsion angle is limited by
the friction, and there is a torsional oscillation α(t) =
α0 cos(ωt) where the amplitude is obtained from Eq. (6)
as,
α0 = −
1
2Rω
I0
q
h¯ Π. (9)
The friction constant R is related to the decay rate Γ
with which a torsion oscillation decays, when there is no
driving force, I = 0: α(t) = α0 cos(ωt) exp(−Γt).
Substitution in Eq. ( 6 ) gives Γ = R/(2J). In order
that resonance can be observed, the decay rate must be
much smaller than the resonance frequency, Γ << ω.
Using Eq. ( 8 ) for the resonance frequency and Eq. (
4 ) for the inertia, we obtain the maximal torsion angle
as
α0 = −
1
2pi
1
Γ
1
r4
1√
ρfGf
g
I0
q
h¯ Π, (10)
where
g2 = 2/(1 +
ρn
ρf
Ln
Lf
+ 4
J0
ρfr4Lf
). (11)
Note, that the factor g depends on the dimensions of the
wires and the additional inertia J0, and is on the order
of 1.
Thus, when Γ is obtained from a relaxation measure-
ment, the maximum amplitude of the torsion angle in
resonance, Eq. (10), is a direct measure of the polariza-
tion of the conduction electrons Π.
III. THERMAL FLUCTUATIONS
The torsion due to the spin flip rate has to be com-
pared to thermal fluctuations of the torsion angle, δα,
at the temperature T of the wire. Using Boltzmann’s
equipartition theorem, setting the elastic energy E(δα)
equal to kBT/2, where [6]
E(δα) =
∫ δα
0
dαDelastic(α) =
pi
4
(δα)2Gf
r4
Lf
, (12)
we find that the torsion angle may maximally fluctuate
by
δα =
√
2
pi
1
r2
√
kBTLf
Gf
. (13)
IV. EXAMPLE
As an example we consider at room temperature T =
273K a ferromagnetic wire made of Fe with a Curie tem-
perature of Tc = 1043K, a torsion modulus Gf = 84 ∗
109kg/(ms2), and density ρf = 7.86 ∗ 103kg/m3 [7]. The
geometric parameter is chosen as g = 1. In the following
we write the physical parameters in experimentally rele-
vant units: the current I = I A = I 6.25 ∗ 1018q/s, the
radius, r = r 10−6m, the length Lf = Lf m, and the de-
cay rate Γ = Γ Hz where the letters in bold face denote
the dimensionless parameters. Thus, we obtain for the
torsion angle Eq. ( 7 ) as a function of only dimensionless
parameters:
α = 2.5
Lf
r4
I Π ∗ 10−3. (14)
In resonance the maximum torsion angle is from Eq. (
10 )
α0 = 4.10
1
r4
1
Γ
I0Π (15)
with the resonance frequency
ω = 3.27 ∗ 103 1
Lf
Hz. (16)
As an example, when a constant current of I = 1A is
driven through an iron wire of thickness 20µm and length
1m, it becomes torted by the angle 2.5 Π ∗ 10−7 while
a maximum torsion angle α0 = 4.10 Π ∗ 10−4 can be
achieved in resonance with an oscillating current of am-
plitude I0 = 1A, with a frequency of 3.27 ∗ 103Hz, if the
system has an independently measured relaxation rate
Γ = 1Hz.
For the thermal torsion angle fluctuations we obtain at
a temperature T = TK:
2
δα =
√
TLf
r2
1.02 ∗ 10−5 (17)
which gives at room temperature T = 273K for the above
example a fluctuation of δα = 1.69 ∗ 10−6.
To estimate the heating of the wire with respect to
the environment with constant temperature T , we as-
sume that the heat current is radially emitted out of
the wire. With the values for Fe for the resistiv-
ity ρe = 8.9 ∗ 10−6Ωcm and the thermal conductivity
κ = 80J/(sKm), we obtain that the radial temperature
gradient is
∆T = I2
1
r2
56K, (18)
For the example follows a heating of .56K, which can be
neglected at room temperature.
V. CONCLUSIONS
The spin flip rate at the interface between a ferromag-
netic and a nonmagnetic wire results in a torsion of the
wire. The magnitude of the torsion angle seems, at least
in resonance, in an experimentally accessible range, and
can even at room temperature exceed the thermal torsion
fluctuations. The effect can be strongly enhanced and its
ratio to thermal fluctuations be increased, by decreasing
the wire thickness, while its dependence on temperature
is relatively weak.
The torsion angle can therefore serve as a direct mea-
sure of the degree of magnetic polarization of the conduc-
tion electrons Π. Π is known to be close to 1 in doped
LaMnO3, since the spin- up and spin- down bands are
well separated in energy in these compounds [8]. In fer-
romagnetic transition metals like Fe,Co,Ni, it is not yet
known to which degree the d − electrons contribute to
the electric transport [9], and therefore the measurement
of the degree of magnetic polarization of the conduction
electrons Π may lead to a better understanding of that
point.
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